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Summary  

On the bas i s  of exper imenta l  data for blends of polyethylene with different  

po lymers  an empi r i ca l  equation is proposed to desc r ibe  the dependence 

of mel t  v iscos i ty  of blends on component v iscos i t ies  and composi t ion.  The 

model ensu re s  the continuity of v iscosi ty  vs . compos i t i on  curves  through- 

out the whole composi t ion range ,  the possibi l i ty  of obtaining ex t remum 

values higher  or lower than the v iscos i t ies  of components ,  allows the ca l -  

culat ion of flow curves  of blends from the flow curves  of components  and 

their  volume f rac t ions .  

Introduct ion 

Establ ish ing mathemat ica l  models for the quanti tat ive co r re l a t ion  of rheo -  

logical properUes of po lymer  blends with composi t ion has been a ma jo r  

preoccupation throughout the past  ten - fifteen yea r s .So lv ing  this problem 

is impor tan t  f rom a theoret ical  viewpoint s ince  the models mus t  take into 

account and subsequent ly  explain the way blend proper t ies  are  de te rmined  

by component proper t ies  ( s u c h  as chemical  na tu re ,  molecu la r  weight and 

molecu la r  weight d i s t r ibu t ion ,  chain s t ruc tu re  - tac t ic i ty ,  numbe r ,  length 

and d is t r ibut ion  of b ranches  ),  as well as by phase s t ruc tu re ,  morphology 

and in te r  - phase adhesion.Such models are also impor tant  f rom a techno-  

logical point of view s ince  they would allow the d i r ec t  es t imat ion  of rheo-  

logical  proper t ies  of blends of any composit ion on the bas i s  of p roper t ies  

of pure components ,  and the proper  se lect ion of requi red  composi t ion.  The 

task of model l ing such a la rge  number  of factors whose effects are  p r a c t i -  

cally imposs ib le  to separa te  and evaluate individually is  diff icult  and has 

not been accomplished as yet,  especial ly  for the me l t s .  Several  models 

have been  proposed which apply to blends cons is t ing  of nar row fract ions 

of d i f ferent  molecu la r  weights of the same polymer .  F r o m  among them are  
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the Ninomiya blending law ( NINOMIYA 1959, NINOMIYA 1962 )) the BMEO 

quadrat ic  law (BOGUE et a1.1970, MASUDA et a1.1973 },higher order  

blending laws (KURATA et a1.1974 } and the models advanced by Hong, 

Soong and Shen (HANSEN et al. 1976,HONG et al. 1977a, b, SOONG et al. 

1979 }. Even for this nar row field of application,  such models take in t r ica te  

mathemat ica l  forms and their  use requ i re  complex exper imenta l  data.  

Most blending laws employed for the viscosi ty  of polymer blends in the 

melt  a re  empi r ica l  and semiempi r i ca l  equat ions)some of them ini t ia l ly  

developed for low molecular  fluid mixtures  or for suspensions and very  

few of them were special ly  derived for molten polymer b lends .Some mo-  

dels  which consider  the component that forms the d i sperse  phase give 

discontinuous viscosi ty  vs.  composit ion curves  ( UEMURA and TAKAYA- 

NAGI 1966 }oAll equations known)no mat te r  what the dependence of v i sco -  

si ty on composit ion they assume)y ie ld  blend viscosi t ies  ranging between 

values  for pure components . In  many instances=however,  v iscosi t ies  of 

blends take values e i ther  higher or lower than those of components ( HAN 

and YU 1971,HAN et al .1973,ABLAZOVA et alo1975,DOBRESCU and COB- 

ZARU 1978,DOBRESCU 1980 }. The problem was to develop an equation to 

cover  these cases  as wel l .Th is  empi r ica l  equation was intended to sat isfy 

the following conditions:  

- the continuity of v iscosi ty  VSocomposition curve over the whole compo- 

si t ion range ; 

- the poss ibi l i ty  of obtaining ex t remum values ; 

- the absence of cons t ra in ts  as to nature  and shape of d i spe r se  phase ; 

- the possibi l i ty  to calculate pa rame te r s  only on the bas is  of steady state 

flow curves  of components ; 

- the possibi l i ty  of ut i l iz ing the model to calculate  the flow curves of blends 

of var ious  composit ions using the flow curves  of components ; 

- the poss ibi l i ty  of ut i l iz ing the model for different  types of blends.  

New Model. Evaluat ion and Conclusions.  

In a previous paper ( DOBRESCU 1980 ) ,  on the bas is  of the analysis  of 

v iscos i ty  - composi t ion dependence for polyethylene blends as well as for 

other blends t the following equation has been proposed : 

l g ~  = v l l g ~ l  + ~ v l v  2 + v21g~2 ( 1 ) 

where ~'~, -e~i and "~2 are  the v iscos i t ies  at constant  shear  s t r e s s ,  or the 
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and L D P E  at  190~  o - e x p e r i m e n t a l ;  ~ c a l cu l a t ed  u s i n g  eq.  (2). 
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F i g u r e  2. V i s c o s i t y  v s .  c o m p o s i t i o n  c u r v e s  fo r  b lends  of H D P E  
with L D P E  (a~ and of L D P E  with  L D P E  ~ ) .  o - e x p e r i m e n t a l  ; 

c a l c u l a t e d  u s ing  eq.(2~.  

v i s c o s i t y  v s .  s h e a r  s t r e s s  equa t ions  fo r  b lend  and p u r e  c o m p o n e n t s ,  v I 

and v 2 a r e  the v o l u m e  f r a c t i o n s  of c o m p o n e n t s ,  and ~ is  a p a r a m e t e r .  T h e  

v a l u e  of p a r a m e t e r  ~ m a y  be  ca l cu l a t ed  f r o m  the  e x p e r i m e n t a l  f low c u r v e s  

fo r  p u r e  c o m p o n e n t s  and for  the b lend  c o n s i s t i n g  of equal  v o l u m e  f r a c t i o n s  

of both c o m p o n e n t s .  Th i s  v a l u e  a l lows  then  ca l cu l a t i on  of v i s c o s i t y  fo r  b l ends  
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F i g u r e  3. V i s c o s i t y  v s .  compos i t i on  c u r v e s  for b l ends  of HOPE 
with P P  ~a~ and of HOPE with SBS b lock  c o p o l y m e r  ~ .  o - expe -  
r i m e n t a l  ; ~ ca l cu la t ed  u s i n g  eq.  ( 2 }. 
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F i g u r e  4 .  V i scos i t y  vs .  s h e a r  

s t r e s s  c u r v e s  for d i f f e r en t  

b l ends  of HOPE and LOPE.  

o - e x p e r i m e n t a l  ; - -  c a l c u l a -  

ted u s ing  eq.  ( 2 7- 

of o ther  c o m p o s i t i o n s . I d e n t i c a l  r e s u l t s  a r e  obtained us ing  an equat ion  of 

the fo rm : 

The  u t i l i z a t i on  of this  equat ion  is  much  m o r e  c o r r e c t  b e c a u s e  i t  c o r r e s -  

ponds to the r e q u i r e m e n t  of c o r r e l a t i n g  s o m e  theo log ica l  funct ions  with 
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Figure  5. Viscosi ty  vs .  shea r  s t r e s s  curves for different  c o m -  
posit ion blends of HDPE with SBS block copolymer (a) and of 
HDPE with PP  (b). o - exper imenta l  ; ~  calculated us ing eq . (  2 ).  

the square  of component volume f r ac t i ons .Bes ide s ,  for the f i r s t  model the 

p a r a m e t e r  ~ can be  posi t ive or negat ive and the sign change is  not c o r r e -  

lated with the na tu re  of blend components .  The second model ensures  po-- 

s i t ive  values  of ~ for all  blends invest igated.  For  HDPE / LDPE b lends ,  

the p a r a m e t e r  ~ b i n  the second equation may be cor re la ted  with compo-  

nent  v i scos i t i es  using an equation of the form : 

~ = 0.53613 § 0.72537 R - 0.21682 R 2 ( 3 ) 

where 

R = lg?nDp ~ '  lg-~u~p E 

The agreement  between calculated and exper imenta l  values is sa t i s fac tory .  

La rge r  e r r o r s  are  observed at the ex t remes  of the composi t ion range tdue  

to the fact that the mathemat ica l  form of the model does not fit the s igmoi -  

dal  shape of mos t  of the v iscos i ty  - composi t ion curves .Good resu l t s  have 

been obtained for HDPE / HDPE, HDPE / LDPE, LDPE / LDPE~ HI)PE / 

P P ,  HDPE / SBS, PS / S B S  b l e n d s , a s  i l lus t ra ted  in the F igures  1 - 5. 
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